Mycobacterium paratuberculosis causes paratuberculosis or Johne's disease, a chronic wasting enteropathy, in ruminants. The definitive method of diagnosis is culture of the organism from intestinal tissue or fecal specimens. M. paratuberculosis is differentiated from other mycobacteria by its characteristics in culture, particularly its extremely slow growth and its dependence on added mycobactin for in vitro culture. These criteria and the use of biochemical tests and antibiotic sensitivities are not adequate to distinguish M. paratuberculosis from some Mycobacterium avium strains or from the so-called "wood pigeon" strains of mycobacteria (2) . Studies of strains of these three groups of organisms by genomic DNA-DNA hybridization have shown that they are all very closely related (10, 18, 19, 28) , and it has been suggested that they should be regarded as a single species (18) . While these studies have been helpful in characterizing the organisms, their emphasis on the closeness of the relationship has tended to focus attention away from strain differences which may be epidemiologically important.
In an earlier study (4), we examined cattle strains of M. paratuberculosis from New Zealand by a sensitive restriction analysis technique and showed that, with one very minor exception, they were all identical to each other and to the type strain. In a separate study (26) , we the patterns of DNA fragments from the two species to appear completely different. Therefore, restriction analysis appeared to be an ideal method to characterize a greater variety of M. paratuberculosis strains and also to compare wood pigeon strains to strains of M. paratuberculosis and M. avium.
Recently, we identified a repetitive DNA sequence in the type strain of M. paratuberculosis and isolated from it a 0.22-kilobase-pair (kbp) fragment (6) . When a restriction digest of M. paratuberculosis DNA was separated on an agarose gel, blotted onto nitrocellulose, and hybridized with this fragment, a reproducible pattern of lines was obtained. We also showed that this 0.22-kbp sequence was not present in strains of 19 other species of mycobacteria, including 31 reference serotype strains of the MAIS complex (6) in sheep samples and that these few cells were substantially different genetically from the vast majority of the organisms. To investigate this possibility, bacteria were prepared directly from sheep tissues. DNA obtained from these acid-14.1. 
DISCUSSION
The results showed that the genomic DNA of M. paratuberculosis strains which were isolated from various animal hosts in different countries contained many copies of a specific DNA sequence. In addition, genomic DNA from these strains gave BstEII restriction patterns with many fragment lines common to all strains. The 48 strains that contained the repeated sequence were clearly subdivided by both restriction and hybridization patterns into two groups, and these two groups had different animal host distributions.
The sheep group of strains was difficult to study because of the problems of primary culture. However, since DNA from these cultures had restriction and hybridization patterns identical to those of DNA obtained from organisms VOL. 28 (22) , Australia (21) , and New Zealand (1) and also because of earlier difficulties in culturing some sheep strains (9) .
Although the present results support the conclusion that the sheep group of strains are host adapted, this adaptation is probably relative rather than absolute. Previous studies (23) (12, 25) . In those studies the organisms were administered orally, the normal route of natural disease transmission. However, the doses of organisms given were so large that the results of the studies probably have little relevance to natural disease transmission. Certainly in some countries, Johne's disease-infected sheep do not appear to be a common source of disease for cattle grazing in the same pasture (1, 21, 22 ).
The 0.22-kbp DNA sequence used as a probe in this study was part of a larger repetitive element that was identified in the genome of the type strain of M. paratuberculosis (6) . The absence of this sequence from genomic DNA of strains of the MAIS complex was particularly important, as genomic DNA-DNA hybridization has shown that M. paratuberculosis is very closely related to some of these strains (10, 18, 28) . The 0.22-kbp sequence does not contain a BstEII site, so this enzyme, which has given reliable digestion of DNA from strains of a number of slow-growing mycobacterial species (3, 26) , including M. paratuberculosis (4), was used throughout this study. McFadden et al. have also used a probe to a repeated sequence in M. paratuberculosis to investigate the relationship of this species to some strains of the MAIS complex (14) and also to strains of mycobacteria isolated from patients with Crohn's disease (13) . Their results are not comparable to those reported here, as they studied only a few strains of M. paratuberculosis and used for their probes DNA sequences that were not unique to M. paratuberculosis.
The sensitivity of the DNA methods used here was sufficient to reveal minor differences between some strains within the cattle and sheep groups. A larger number of minor differences was detected in the hybridization patterns than in the restriction patterns, and the differences in hybridization patterns were much easier to observe. In theory, hybridization pattern differences should be associated with restriction pattern differences at the same fragment positions. That these restriction pattern differences were not detected was probably due to the difficulty of resolving the much larger number of restriction fragment lines which were very closely spaced for fragments with sizes of 4 or fewer kbp. Most of the hybridization pattern differences within the cattle group of strains occurred below this region. However, the changes in both the copy number and genomic positions of the repetitive DNA sequence which were detected by the changes in hybridization pattern did not account entirely for the genetic differences between strains. This applied both to the minor genetic differences that existed between strains within the cattle group and to the more major differences that existed between the sheep and cattle groups. Three strains, two with an identical restriction pattern obtained from New Zealand cattle (Fig. 3, lane 2) and one with a different restriction pattern obtained from a Norwegian goat (Fig. 3,  lane 7) , differed from the most common strains of the cattle group only in their restriction patterns and not in their hybridization patterns. In addition, the human strain had a hybridization pattern identical to, but a slightly different restriction pattern from, that of an Australian cattle strain. More importantly, the differences in hybridization patterns between the sheep and cattle groups of strains occurred at and below fragment sizes of 7 kbp. However, there were six restriction fragment differences between the sheep and cattle groups of strains in the region of the restriction pattern above 7 kbp. Thus, there are many differences between the genomes of the sheep and cattle strains that are not directly associated with alterations in the copy number or position of the repetitive DNA sequence. From this study, it is not possible to determine whether one or more of the differences in hybridization patterns or the apparently unrelated differences in the restriction patterns are associated with the phenotypic differences that exist between the two groups of strains. However, the different host preferences of the two groups of M. paratuberculosis strains appear to be a real phenomenon, and it is likely that one or more of the restriction or hybridization differences detected between these groups are associated with the change in host specificity. In The species designation of wood pigeon strains has proven difficult. It has been variously proposed that they be classified as M. avium (15) , as M. paratuberculosis (24) , or as a distinct group (7) possibly within a single species which includes all three organisms (18) . Results of restriction analysis and hybridization of DNA from the two wood pigeon strains studied here indicates that they should not be classified as M. paratuberculosis. Previous studies of mycobacterial species have shown that restriction analysis is an excellent method for characterizing different groups of strains within a single species (5, 26) and for allocating strains to closely related species (3). In particular, it has been shown that reference strains of M. avium sérotypes 2 and 3 have identical BstEII restriction patterns and that these patterns are very different from those of 29 other reference serotype strains of the MAIS complex (26) . The finding that wood pigeon strains have very similar restriction patterns to these M. avium strains is strong evidence that these organisms should be classified as M. avium.
The absence of the repetitive M. paratuberculosis sequence from two of the Norwegian goat strains and the finding that their restriction fragment patterns are very different from those of other strains of M. paratuberculosis indicate that there are many genetic differences between them and all the other M. paratuberculosis strains. While these two strains are slow-growing, mycobactin-dependent mycobacteria and were apparently isolated from goats with Johne's disease, their marked genetic difference from other strains of M. paratuberculosis raises considerable doubt about their inclusion in this species. Possibly these strains are uniquely adapted to goats, as strains of mycobacteria causing Johne's disease in Norwegian goats seldom cause disease in sheep or cattle (8) .
The strains of M. paratuberculosis characterized in this study as belonging to the cattle group came from new Zealand, Australia, Canada, and Norway; the vaccine strains were originally isolated in the United Kingdom, and the type strain was originally isolated in the United States. In a separate study, strains isolated in Argentina; Nova Scotia, Canada; and 23 states of the United States were reported to have similar restriction patterns to those of New Zealand cattle strains (27) . From this it appears that variants of the cattle group of strains are responsible for many cases of Johne's disease throughout the world. The present study, together with earlier work (1, 9, 21, 22) 
